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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

VACUUM ASSISTED FUSER ENTRANCE GUIDE FOR 
AN ELECTROPHOTOGRAPHIC MACHINE 

5 

Field of the Invention 

[0001] The present invention relates to a fuser entrance guide for an electrophotographic 
copier/printer apparatus and in one of its aspects relates to a vacuum assisted guide positioned at the 
entrance of the fuser section of an electrophotographic apparatus for maintaining the proper 

10 alignment of a sheet of copy medium (e.g. sheet of paper) having an unfused image thereon as the 
sheet moves along a travel path between an image transfer loop (film) and the fuser section. 

Background of the Invention 
[0002] In a typical electrophotographic machine (e.g. copier, duplicator, printer, etc.), a 
continuous loop of a photoconductor film is commonly used to transfer an image from an input 

15 section onto a copy medium (e.g. a sheet of paper or the like). The film is initially charged and 
passed through an input section where an image is projected onto the charged film. The film then 
moves through a developing section where toner is applied to the charged image, and on through an 
image transfer section where the toner is transferred to a sheet of paper or some other medium. The 
toner (i.e. image) is then fixed (i.e. fused) to the sheet by passing the sheet between a pressure roller 

20 and a heated roller within the fuser section of the machine. 

[0003] In typical electrophotographic machines of this type, it is common to use a vacuum 
transport to transfer the sheet from the film loop to the fuser section. Often this vacuum transport is 
directly interfaced between the film and the fuser section wherein the vacuum transport receives the 
sheet from the film and passes it directly into nip between the rollers in the fuser section. This 

25 requires that the surface speeds of (a) the film loop, (b) the vacuum transport belt(s), and (c) the 
fuser rollers all have to be closely matched. If the speeds become mismatched, there may be 
relative movement between the film and the sheet while the image is being transferred onto the 
sheet thereby resulting in smearing of the image on the sheet. 

[0004] When such relative movement occurs, it is normally at the trail edge of the sheet as the 
30 trail edge passes between the image transfer roller and the detack roller since, at this point, the trail 
edge is held in contact with the film only by electrostatic forces. The speed of the sheet, itself, is 
controlled by either the speed of the vacuum transport or the speed of the rollers in the fuser section 
depending on the length of the respective sheet. By matching the vacuum transport belt speed to the 
film speed, normally there will be no relative movement between the sheet and the film if the length 
35 of the sheet is shorter than the straight-line distance between the detack point and the fuser rollers. 
[0005] However, for sheets longer than this straight-line distance, the sheet will be engaged by the 
nip between the fuser rollers while the trail edge of the sheet is still engaged between the transfer 



l 



HEID-25,596 - K -10243 



PATENT 



roller and the detack roller. If this happens, the sheet will move relative to the film and smearing 
will almost always occur. Therefore, it is imperative that the speeds of these components be 
synchronized and maintained throughout the entire copy operation. 

[0006] Unfortunately, due to the dynamic nip mechanics present in all compliant fuser roller(s), 
5 the real possibility exists that the speed of the film in the image transfer section and that of the fuser 
rollers will become mismatched at some time during the copying operation. If and when this 
occurs, relative movement occurs and smearing appears at the trail edge of the sheet. 
[0007] To alleviate this problem, some commercial machines have now abandoned any direct 
interface between the film and the fuser section and instead, use a curved or arched travel path 
10 between the image transfer and the fuser sections which is longer than the straight-line distance 
between these sections (i.e. curved path is longer than the length of any sheet to be used in the copy 
operations). This extended path effectively "de-couples" the speed of the fuser rollers from the 
speed of the film thereby eliminating the possibility of relative movement between the sheet and the 
film. 

15 [0008] That is, since the trail edge of any standard sheet used in the machine, up to the maximum 
length designed for (e.g. up to 17 inches), will be clear of the detack roller before any slack in the 
sheet is taken out by the fuser rollers, this extended travel path creates a "buffer zone" between the 
image transfer section and the fuser section. Accordingly, if a speed mismatch should occur, the 
trail edge of a sheet will be clear of the detack roller before any "overdrive" in a sheet is taken up by 

20 the fuser rollers. 

[0009] Typically, such an extended, curved travel path is provided by angling the vacuum 
transport away from the straight-line distance between the sections and then positioning a fuser 
entrance guide between the exit end of the vacuum transport and the entrance of the fuser section. 
The fuser guide is normally vacuum assisted along the edges thereof so that the sheet is held against 
25 the guide to orient the sheet as it enters the fuser section. This type of curved travel path and guides 
are known and has been commercially used, e.g. DIGIMASTER 9110, Heidelberg Digital L.L.C., 
Rochester, NY. 

[0010] Where extended travel paths of this type are used, it is particularly important to prevent the 
trail edge of the sheet from falling away from the fuser entrance guide as the trail edge moves into 

30 the fuser section. If this happens, the unfused image on the moving sheet may contact other 
elements in the paper path before it enters the fuser section thereby again raising the possibility that 
smearing may occur. In known prior art guides of this type, vacuum ports are provided only near 
the outer edges of the guide's lower surface. Vacuum force through these ports hold the edges of 
the sheet against the surface as the sheet moves into the fuser. However, since there is no vacuum 

35 being applied against the center of the sheet, the possibility exists that the trailing edge and/or the 
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central portion or the trail edge of the sheet may still sag or droop and contact other elements in the 
paper path thereby causing smearing at point(s) of contact. 

[0011] Accordingly, it is highly desirable that the fuser entrance guide be able to hold the entire 
sheet against the guide without sagging until the sheet has passed completely into the fuser section. 
5 Summary of the Invention 

[0012] The present invention provides a fuser entrance guide in electrophotographic apparatus 
which supports a sheet of copy medium (e.g. paper) as the sheet is moved by a vacuum transport 
from a continuous loop of film in the image transfer section into the fuser section of the apparatus. 
The fuser entrance guide includes a base plate that has vacuum ports both at the edges and across 
10 the center area thereof. This placement of ports keeps the sheet from sagging or drooping as the 
sheet moves across the base plate of the guide thereby eliminating the possibility of smearing of the 
unfused image on the sheet as it enters the fuser section. 

[0013] More specifically, the present invention relates to a fuser entrance guide for an 
electrophotographic apparatus, which is comprised of a housing that, in turn, is positioned between 
15 the exit end of the vacuum transport and the entrance of the fuser section. The housing is adapted to 
maintain a vacuum which, in turn, is produced by the Venturi effect created by a stream of air 
through the housing as will be understood in the art. 

[0014] The housing has a base plate thereon, the lower surface of which is physically contacted by 
the sheet as the sheet moves across the guide. The lower surface of the base plate is curved and has 

20 a flattened, central area. A plurality of vacuum ports are provided through the base plate with a first 
set of ports positioned near the outer edges thereof and a second set of ports positioned within the 
flattened, central area of the plate. Preferably, the ports in the central area are arranged in parallel 
rows across the flattened area with the exits of all of the ports in a particular row being fluidly 
connected by a groove, which is formed in the lower surface of the base plate. 

25 [0015] The recessed surfaces of the grooves reduce the total surface area, which will be in 
physical contact with the sheet as the sheet moves across the guide thereby resulting in a significant 
reduction in the drag forces, which will be applied on the sheet. Also, the recessed area of the 
grooves effectively increases the holding force of the vacuum applied against the sheet without 
requiring any increase in the air stream within the guide housing thereby resulting in lower costs as 

30 well as improved performance. 

Brief Description of the Drawings 
[0016] The actual construction operation, and apparent advantages of the present invention will be 
better understood by referring to the drawings, not necessarily to scale, in which like numerals 
identify like parts and in which: 
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[0017] FIG. 1 is a schematic view of an electrophotographic apparatus (e.g. copier/printer 
machine) in which the present invention is incorporated; 

[0018] FIG. 2 is an enlarged, cross-section view of the transport path of the apparatus of FIG. 1 
having the fuser entrance guide of the present invention incorporated thereon; 
5 [0019] FIG. 3 is a perspective view of the base plate of the fuser entrance guide of FIG. 2; 

[0020] FIG. 4 is an enlarged, bottom view of a base plate for a prior art, fuser entrance guide; and 
[0021] FIG. 5 is an enlarged, bottom view of the base plate of the fuser entrance guide of the 
present invention. 

[0022] While the invention will be described in connection with its preferred embodiments, it will 
10 be understood that this invention is not limited thereto. On the contrary, the invention is intended to 
cover all alternatives, modifications, and equivalents which may be included within the spirit and 
scope of the invention, as defined by the appended claims. 

Description of the Preferred Embodiments 
[0023] FIG. 1 illustrates a typical electrophotographic apparatus or machine 10 (e.g. copier, 
15 duplicator, printer) in which the present invention can be incorporated. Machine 10 is of the type 
that uses an endless photoconductor member 1 1 (e.g. photographic film) to transfer a copy of an 
inputted image onto a sheet of a copy medium. The film moves through a closed loop past a 
charging section 12, an exposure or input section 13, a developing section 14, an image transfer 
section 15, and an erase/clean section 16. A sheet S of a copy medium (e.g. paper) is fed from a 
20 supply (not shown) through image transfer section 15 where the toner image on the film 11 is 
transferred to the sheet S. Sheet S is then fed along a travel path 20 from detack roller 21 in the 
image transfer section 15 to fuser section 24 where the sheet S passes through the "nip" between 
fusing roller 22 and pressure roller 23 to thereby "fuse" the toner image on sheet S before the sheet 
exits the machine. 

2 5 [0024] FIG. 2 is an enlarged, cross-sectional view of the travel path 20 of the electrophotographic 
machine 10 of FIG. 1, better illustrating the present invention. Travel path 20 of the present 
invention is comprised of a vacuum transport 25 of the type well known in this art. Basically, 
vacuum transport 25 is comprised of endless, perforated belt(s) 26, which moves over a stationary, 
perforated plate (not shown) within housing 27. As will be understood in the art, a pressurized 

30 stream of air (not shown) is flowed through housing 27 to create a vacuum. This vacuum acts 
through the openings in the plate/belt to hold the sheet against the belt to thereby move the sheet 
towards the fuser section 24. 

[0025] In some machines, the vacuum transport 25 provides a direct interface between the image 
transfer section 15 and fuser section 24. In such machines, the travel path (e.g. travel path 20' in 
35 FIG. 2)is equal to the straight-line distance (dotted line D in FIG. 2) between the exit of image 
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transfer section 15 and the entrance of fuser section 24. As explained above, this direct interface 
requires that the surface speeds of (a) film 1 1 (i.e. detack roller 21), (b) belt 26, and (c) fuser rollers 
22, 23, all be matched in order to prevent possible smearing of the image, especially when the 
length of sheet S is longer than straight-line distance D. 
5 [0026] Since matching and maintaining the speeds of these components is difficult, some recent 
machines no longer use the vacuum transport as a direct interface between the image transfer 
section and the fuser section but instead now use an extended, curved travel path 20 which has a 
length substantially greater than the straight-line distance D between the sections. As seen in FIG. 
2, curved travel path 20 is comprised of vacuum transport 25, which is angled with respect to D, and 
10 a fuser entrance guide 30, which is positioned, between the exit end of vacuum transport 25 and the 
entrance into fuser section 24. 

[0027] Guide 30 provides a "buffer" zone, which effectively "de-couples" the speed of the film 1 1 
from the speed of fuser rollers 22, 23. That is, even though the length of curved travel path 20 may 
be lightly shorter that the length of the longest sheet used, its curvature allows the trail edge of sheet 

15 S to effectively clear detack roller 21 before all of the slack in the sheet is taken up by the nip 
between the fuser rollers 22, 23. This prevents any relative movement between the film 1 1 and 
sheet S when the sheet and the film are in contact with each other, thereby eliminating possible 
smearing as the toner image is being transferred onto sheet S. Unfortunately, however, there is still 
a possibility that some smearing may occur if the unfused image on sheet S comes into contact with 

2 0 other elements in the travel path before the trail edges of sheets have safely entered the fuser section 
24. 

[0028] Basically, prior art guide 30' is comprised of a housing 31, which has a curved base plate 
35' (FIG. 4), across the lower end thereof. Base plate 35' (FIG. 4) is provided with sets of vacuum 
ports 32' (only some numbered for the sake of clarity) positioned near the outer edges thereof. Air 
25 is passed through housing 3 1 to create a vacuum which, in turn, is applied through ports 32' to hold 
the edges of sheet S against the base plate as the vacuum transport 25 moves sheet S towards the 
fuser section 24. This vacuum acts to keep the engaged edges of sheet S from dropping off the 
guide as the sheet enters fuser section 24. 

[0029] Also, base plate 35' has a recessed, flattened area 36' at the center thereof to aid in 
30 orienting the ends of the sheets as they pass across base plate 35' and into the fuser section 24. 
While fuser entrance guides using base plates 35' have proven highly successful in commercial 
applications (e.g. DigiMaster 91 10, Heidelberg Digital, L.L.C., Rochester, NY), the possibility still 
exists that the trailing edge and/or center of sheet S may sag or droop and physically contact some 
element in the travel path as the sheet moves across the guide and into the fuser. If and when this 
35 occurs, smearing will likely result at that point. 
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[0030] As can be seen from the drawings, base plate 35 of the present invention (FIGS. 3 and 5) is 
similar in some aspects to the prior art base plate 35' (FIG. 4). However, the present base plate 35 
significantly alleviates, if not eliminates, the possibility that smearing may occurs as the sheet 
moves across fuser entrance guide 30 and into fuser section 24. 
5 [0031] To accomplish this, base plate 35 is provided with a second set of vacuum ports or 
openings 37 (only some numbered for clarity) within the flatten central area 36 in addition to the 
first set of vacuum ports 32 which again are positioned near the outer ends of plate 35. This insures 
that neither the edges nor the central portion of sheet S will sag or droop as the sheet moves across 
base plate 35 

10 [0032] Basically, the vacuum ports 37, 32 in base plate 35 are sized and positioned so that a sheet 
S is fully supported on base plate 35 as the sheets moves from the vacuum transport 25 into the 
fuser section 24. The number and placement of vacuum ports 37, 32 are designed so that the 
holding force of the vacuum (i.e. force necessary to hold the sheet on the base plate) is balanced 
against the drag forces produced by the vacuum on the moving sheet. That is, the vacuum applied 

15 against the sheet has to be strong enough to hold the sheet in contact with the guide but can not be 
so strong as to stall or seriously impede the vacuum transport's 25 ability to move sheet S across 
guide 30 and into fuser 24. 

[0033] . Preferably, vacuum ports 37 are aligned in plurality of parallel rows 38 that, in turn, are 
spaced across the width W of flattened area 36. For example, as illustrated, eleven parallel rows 38 

20 having three vacuum ports 37 each are provided within flattened area 36 although it should be 
recognized that the actual size, number of vacuum ports, and number of rows can vary significantly 
without departing from the present invention as long as the proper vacuum force is provided. 
[0034] Still further, preferably the exits of all of the vacuum ports 37 in a respective row 38 are 
connected (i.e. in fluid communication with each other) by a respective, recessed groove 39, which 

25 is formed in the bottom surface of base plate 35. The recessed surface of groove 39 of each row 36 
substantially reduces the total surface area of the base plate 35 which physically contacts sheet S as 
the sheet moves across the guide thereby significantly reeducating the drag forces on moving sheet 
S. 

[0035] Also, the recessed area of grooves 39 (i.e. connected exits of ports 37) increases the 
30 holding force of the vacuum being applied through ports 37 with any given air mover due to the 
increase in open area on the plate. The holding force is a function of the total open area in the plate 
as well as the vacuum level provided by the air mover inside the housing 31. A larger amount of 
open area will produce a larger holding force than will a lesser amount of open area using the same 
air mover. The size and number of ports will still control the flow through this open area so in 
35 effect a smaller flow rate will produce higher holding forces when a recess connects the ports 37. 
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[0036] If the openings 37 were merely enlarged to provide the same open area as that provided by 
the recesses, the holding forces would be identical but the speed of the airflow through the open 
area would decrease if the same air mover is used. This is not desirable because the acquisition of 
the sheet by the guide is a function of air velocity through the open areas. A larger air mover would 
5 then be needed to restore the desired air speed. Less open area may then be required to lower the 
excessive holding forces the larger air mover would produce. The recessed area of the present 
invention allows a smaller and more economical air mover to be used and still maintain adequate 
the required air speed and vacuum levels within guide 35 thereby resulting in lower costs as well as 
improved performance. 

0 [0037] By providing fuser entrance guide 30 with the present base plate 35, all routine sizes and 
weights of paper can be effectively transported from film 1 1 to the fuser section 24 with assurance 
that a precise, synchronized speed match between the sheet S and film 1 1 is not required. 
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